SUMMARY An original system of grading of the corneal endothelial specular reflection, as assessed with a Haag-Streit 900 slit-lamp biomicroscope, has been shown to have a very highly significant relation to the endothelial cell density measured by contact specular photomicroscopy. The grading, though subjective and therefore not a substitute for the detailed record of photomicroscopy, is readily applicable to clinical practice and is a useful method of comparing and recording endothelial cell densities when assessed by the same observer. The intraobserver, but not the interobserver, variability has been examined, and the theoretical aspects of the grading system and a clinically applicable interpretation of the grading are presented.
With the introduction of specular microscopy of the corneal endothelium into clinical practice,' there came a widespread recognition of the loss of endothelial cells that could occur with anterior segment surgery,'4 and of the development of corneal oedema and bullous keratopathy as a consequence of lower endothelial cell densities (ECDs). The ECD below which corneal decompensation becomes probable is poorly documented but is thought to be approximately 500 cells/mm 2.5-There still remains a need to assess the ECD of an eye prior to surgery despite markedly improved techniques of microsurgery and surgical instrumentation over the last decade. This need is not only to detect those eyes at risk of postoperative corneal decompensation but also to plan and monitor the effects of surgery.
Specular endothelial photomicroscopy has demonstrated that age is a poor predictor of ECD'-3 and that corneal thickness, though a useful measure of endothelial function, is a poor predictor of cell density. '4 Other signs of endothelial abnormality include the presence of guttae or an increase in the cellular pleomorphism'4"; both of these changes tend to be associated with lower ECD. Illustrations of the corneal endothelial mosaic in health and disease, as demonstrated on the Gullstrand slit-lamp, Corrcspondcnce to Gcoffrcy E Rosc, FRCS, Moorficids Eyc Hospital, City Road, London ECIV 2PD.
have been published by Vogt.'" Although the matching of slit-lamp visualization of the mosaic to a series of standardised grids or a graticule has been described,"7-"' there has been no report of a comparison between the ease of slit-lamp visualisation of the mosaic and the ECD measured by specular photomicroscopy.
This paper reports a study of the validity of a clinical assessment of corneal endothelial cell density, considers theoretical aspects, and derives guidelines for clinical management. The aims of this study were (a) to increase the clinical awareness of the facility of slit-lamp specular illumination and thereby to increase its practice; (b) to provide a method of conveniently recording approximate cell densities for clinical practice and for future reference by the same observer; and (c) to highlight the fact that low endothelial cell densities, of particular concern surgically, are readily recognizable at the slit-lamp microscope.
Materials and Methods
The corneas of 236 subjects were examined by the writer on two occasions, these examinations being separated by at least 10 weeks and the second being without reference to the results of the first; the work was completed within one year. Subjects on longterm eye medication were omitted from the study.
At each examination the ease of visualisation of 510 the endothelial mosaic was graded by means of a Haag-Streit 900 slit-lamp microscope (by a technique detailed later), the density of corneal guttae was assessed (subjective scale, range 0-5), the degree of corneal arcus was graded (subjective scale, range 0-3), and the presence of stromal opacity or disease was noted. pendent observer, the number of counts for each examination was normally three or more (range 1-6).
PRACTICE OF SPECUI AR IILIUMINATION
To visualise the low-reflectance corneal endothelial mosaic without the image being saturated by extraneous light from the high-reflectance epithelium requires considerable practice. The fundamental basis of the technique, namely specular (as opposed to diffuse) reflection of light, dictates that, on a convex reflecting surface (such as the cornea), there is, for a given position of light source and observer, only a single point that will produce a specular reflection. The practical implication is that the area illuminated should be kept as small as possible to reduce extraneous reflected light; a slit-beam 0 5x2 mm is in general adequate. An additional restriction, again dictated by this 'three-point' optical model, is that the specular reflection can be viewed only monocularly. Although the use of a second ocular (as available on the slit-lamp microscope) can provide a slightly larger field of view, one or both of the images must by definition be suboptimal. Furthermore with wider beams of incident light the low reflectance endothelial image is increasingly spoilt by light from the high reflectance epithelial surface ( Fig. 1) .
In this study the following technique was developed, based on the reasons detailed:
It is imperative to adjust the eyepieces on the A.C.
En Ep ibs fX JfLd
Obs f Jt fLt With the illumination beam locked at 200-300 to the microscope boom, the endothelial reflection is focused in the anteroposterior axis (AP axis; AP on Fig. 2) . If the focused deep to the endothelium, the specular image bypasses the observer (Obs) on the side of the illumination and vice versa (Fig. 2) . In practice one maximises the intensity of reflected light by altering the AP position and brings into focus the mosaic if visible.
If the instrument AP axis does not correspond with the anteroposterior axis of the convex corneal surface (Fig. 3) , then the specular reflection will again bypass the observer (Obs) even though, viewed by diffuse illumination, the endothelial mosaic might be in focus. To remedy this situation the slit-lamp mounting must be moved in an arc paralleling the corneal convexity (line cd; Fig. 3 In the second group (group II) single eyes from 192 subjects were examined between 10 and 30 weeks after cataract extraction, with or without lens implantation. Seventy-six of these postoperative eyes were also examined preoperatively in group I.
In the third group (group III) were 53 eyes not operated upon. These eyes were twice assessed, in a masked manner, at between 10 and 30 weeks.
Results
The groups were well matched with respect to age: group I, 68-7±12 7 years (mean±standard deviation); group II 69-8±11 2 years; and group III 682± 11-7 years. Similarly, they were matched for the proportion of diabetics (group I 10%, group II 10%, and group III 8%). The number of subjects within each of the visual gradings is summarised in Table 1 .
Both in group I and in group II visual grading proved to be statistically a very highly significant predictor of cell density (F test; p<<0-001 for both groups). Within the preoperative group (group I), the presence of stromal opacity or disease proved also to be a significant additional predictive factor (p<0.01), while in the postoperative group (group II), the grading of guttae appeared to be a weak, but sig- The mean ECD within each of the clinical visual gradings is represented in Fig. 4 . As reasonably expected, the ease of visualisation (grading scale) increases as the ECD decreases (cell size increases). The similarity between the gradings of the preoperative and the postoperative eyes is notable. In addition the observation that the mean ECDs in grades 0-3 are consistently lower in the postoperative compared with the preoperative corneas suggests that some postoperative factor-perhaps, for example, minimal corneal oedema or irregularities in Descemet's membrane is acting to reduce slightly the visibility of the corneal endothelial mosaic (but not to a statistically significant degree).
REPRODUCIBILITY
In the 53 corneas tested for intraobserver variation (group III) there was no significant change in corneal thickness measurements; the mean difference between initial and repeated measurements was 0-0038 mm (initially larger; standard deviation of difference=0*0065, p>0.3). Similarly, the mean difference between ECDs (18 cells/mm2, initially larger) was not significant (SD difference=64, p>0.5). Number ofcorneas in each group is summarised in Table /. ENDOTHELIAL VISUAL GRADING GRADE 0 GRADE 1 GRADE 2 GRADE 3 GRADE 4 GRADE 5 GRADE 6 There was, however, some variation on repeated visual grading of the corneas (Table 2 ). Most notable is the slight tendency towards increased visualization (higher grading) on repeating the assessment. Thirtythree corneas had the same initial and repeated grading, more than the 20 agreements expected by chance alone.
Discussion
It has been demonstrated that the corneal endothelial mosaic can usefully be graded, albeit with some variability, and that this grading is closely related to the central corneal ECD as determined by specular photomicrography. This fast method requires neither special grids or graticules nor the processing and time-consuming assessment of specular photomicrographs. However, the grading not only requires the observer to have a normal visual acuity, but also can be difficult in the presence of stromal opacity or of small eye movements. Indeed, the author considers it to be a wise precaution in clinical practice to increase a grading by one category in the presence of persistent small eye movements.
The grading is subject, without doubt, not only to variability when used by one observer (visualisation improves markedly with practice of specular illumination), but also to considerable variation between observers. Because of this the grading is not intended as a substitute for the objective record of photomicroscopy, but rather as an encouragement for the neglected clinical art of specular illumination, as a method of recording approximate ECDs prior to surgery and as a means of assessing endothelial losses when repeated measurements are made by any one observer.
VISUAL ACUITY AND THE LIMIT OF CEut

RESOLUTION
By calculating the angular visual resolution required to see those cells at the limit of slit-lamp resolution (i.e., those cells in grade 1), this calculated angular resolution is found to be in close agreement with the generally accepted optical resolution of the healthy eye. This calculation, demonstrating concordance between observation and theory, is presented in Appendix I.
ClINICAL USAGE OF THE GRADING SYSTEM Not only does the system of grading provide an indication of the mean ECD in both preoperative and postoperative corneas (Fig. 4) , but also the deductions may be extended to provide a guide more useful in clinical practice (Table 3) .
From the mean cell density and variance estimates from the combined results of groups I and II (Table  1) , for each visual grading the probability of a subject lying within one of four surgically relevant ECD ranges (>1500, 1500-1000, 999-500, and <500 cells/ mm') can be estimated (Table 3) . Thus, if a patient has a clinical grade 4 corneal endothelium, he has (based on the present series) a 20% probability of having a cell density of greater than 1500 (and tolerating major anterior segment surgery), a 46% chance of having a density of 1000-1500 (where major surgery may jeopardise the corneal compensation), a 28% chance of having a cell density of 500-1000 (where corneal decompensation becomes likely after surgery), and a 6% probability of having a cell density below 500 cells/mm2.
In clinical practice these 'risk' factors can be weighed against the necessity of the surgery and the life expectancy of the patient. 
